In intracavitary radiotherapy (ICRT) for cancer cervix, applicator geometry has the potential to impact the doses to organs at risk (OARs) and the coverage of the target volume. At our centre two Varian made Fletcher-style applicator sets, namely defined (fixed) geometry and flexible geometry, are used for ICRT. In the present work, the two types of applicators were compared dosimetrically as per the recommendations of the International Commission on Radiation Units and Measurements (ICRU-38) while delivering high dose rate brachytherapy. Twenty four patients who underwent ICRT were considered for this study. Radiographic method was used for treatment planning on Abacus planning system. ICRU-38 recommended parameters were estimated and compared. Flexible geometry applicator showed 8.8% and 16% higher bladder and rectum point doses as compared to the fixed geometry one but the difference was statistically not significant. The thickness of the pear-shaped isodose volume was larger for the flexible geometry implant also indicating towards higher doses to OARs. The higher bladder and rectum point doses in the case of flexible applicator will need to be validated by a larger data set.
Introduction
Intracavitary radiotherapy (ICRT) is the most widely used form of brachytherapy in the treatment of cancer cervix. * Corresponding author.
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The technique and technology of ICRT have evolved over a century to the present state. The early preloaded applicators such as the Manchester type one having rubber tandems and cork ovoids, free from one other, gave way to manual afterloading ones which in turn have been substituted by remote afterloading high dose rate (HDR) applicators. Fletcher and Suit designed the first afterloading ICRT applicator in the 1960s. Various brachytherapy equipment manufacturers depending on the existing designs and feed-back from the users have come out with modifications on these designs. Any applicator design, due to its specific geometric features, offers isodose shapes that are somewhat different from other types of applicators.
M/s Varian Medical Systems commercially offer many types of applicators for ICRT. Our centre possesses two types of Varian make ICRT applicators namely Fletcher-style applicator set with defined (fixed) geometry, and Fletcher-style applicator set with flexible geometry for Gammamed 12i HDR Brachytherapy machines (Figure 1 ). Both these applicator types are based on the dosimetry of the conventional Fletcher-style application. However, the relative positions of the ovoids with respect to the tandem are different in both these sets as evident in the lateral radiographs shown in Figure 2 . The colpostats are positioned more posteriorly in the flexible design as compared to the fixed one. It is believed that this difference in relative positions of the tandem and colpostats may have implications on the treated volume and sparing of the organs at risk especially in situations where 3-dimensional image based treatment planning and optimization is not carried out [1] - [3] .
Of late more and more centres are moving towards 3-D image-based planning in brachytherapy. And for this purpose the guidelines issued by the Image-Guided Brachytherapy Working Group of the American Brachytherapy Society, and the Groupe European de Curethérapie-European Society for Therapeutic Radiology and Oncology (GEC-ESTRO) working group, have been widely accepted [4] - [6] . However, a large number of centres practicing brachytherapy in India still use 2D orthogonal film based dosimetry for ICRT. A few centres due to heavy patient load are not in a position to carry out even 2D film based planning for all the patients. These centres practice standard applicator geometry, as stored in their treatment planning system library, based on treatment planning. It has been established by many studies that the 2D system of point dose prescription and reporting based on orthogonal radiographic reconstruction of applicators has limitations as compared to 3D volume dose prescription and reporting in terms of dose estimation to OARs and treated volume estimation [7] - [10] .
At our centre, due to non-availability of CT/MRI based planning resources, we follow 2D orthogonal radiograph based planning with dose prescription at Manchester point A. We estimate dose to bladder and rectum as per International Commission on Radiation Units and Measurements (ICRU) definition (ICRU-38) and proceed with the treatment delivery only when the organ at risk (OAR) doses are considered safe [11] . The comprehensive ICRU-38 recommendations that include additional points for estimation of dose, dimensions of the pearshaped volume formed by the prescription isodose, and total reference air kerma (TRAK) values are not estimated for all the cases.
There have been a few comparative dosimetry studies on ICRT applicators reported in literature [12] - [14] . However, we found no such study involving patients treated with the types of ICRT applicators used at our centre. It was felt that the geometry of the flexible applicator system seemingly has the potential of increasing the dose to the rectum. Therefore, we decided to carry out a comparative study of the impact of the two designs on the patient dosimetric parameters as recommended by ICRU-38. Data of a total of 24 ICRT applications performed on 24 patients were considered for this comparison. The present study only compares physical doses and related parameters without consideration of the radiobiological factors. It is believed that this study will be useful for clinicians in deciding the type of applicators depending on the clinical requirement.
Material and Methods
Patients: At this centre all advanced stage cervical cancer patients are considered for brachytherapy following external beam radiotherapy (EBRT). Eligibility requirements for patient inclusion for brachytherapy are: minimum haemoglobin 10 gm, performance status 70 or more (Karnofsky Scale), and histopathological confirmation of the disease. All patients are evaluated for brachytherapy after completion of EBRT. The protocol for radiotherapy is EBRT using a 15 MV photon beam from a linear accelerator to a dose of 5040 cGy in 28 conventional fractions. This followed by ICRT to a dose of 21 Gy delivered in three weekly fractions prescribed to point A. For the present study, orthogonal films and other ICRT records of twenty four patients were randomly selected; of them ten were with flexible applicator and 14 with fixed applicator. 
Applicators and Equipment:
The treatment planning system used was ABACUS (version 3.1 Release 5) from M/s Varian. The Fletcher-style applicator set with defined (fixed) geometry (part no. GM11000810), and the Fletcher-style applicator set with flexible geometry (part no. GM11000730) were used for ICRT (Figure 1) . The shape and size of the ovoids (colpostats) is the same in both the types. The source probe in these colpostats makes a 60 degree angle with the vaginal axis. The three intrauterine probes of the fixed geometry set are curved 30˚ in relation to vaginal axis and have fixed lengths of 4, 6, and 8 cm with permanent stopper/flange at these lengths. In the case of flexible geometry applicators, the probes are curved 15˚, 30˚ or 45˚ in relation to the vaginal axis and have no fixed lengths. The stopper/flange can be fixed at lengths as per the patient anatomy unlike the fixed geometry type. It is evident that the intrauterine tandem probe will make angles 75, 90 or 105 degree with respect to the colpostats probes in the case of flexible geometry type applicator system depending on the tandem probe angle chosen whereas the angle will be 90 degree for all probe combinations in the case of fixed geometry applicators. Orthogonal radiographs are taken on a simulator model Simview 3000 from Siemens and Gammmed 12i HDR brachytherapy machine from Varian is used for treatment delivery.
Brachytherapy procedure and treatment planning: Patient's recto-vaginal bimanual examination and subsequent ICRT applicator placement is done under general anaesthesia. First a Foley balloon catheter is inserted into the bladder, and the balloon is filled with 7 cc of diluted radio-opaque contrast solution. The length of the S. Singh et al.
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tandem to be inserted into the uterus is determined with a uterine sound. Depending upon the availability of the applicators either the fixed geometry or the flexible geometry applicator is chosen. The flange abuts the external os (EOS), restricting further superior movement of the tandem and thus preventing uterine perforation. The ovoids are positioned within the vaginal vault in the lateral cervical fornices. The largest ovoids allowed by the anatomy were used for better dosimetric results. The tandem and ovoids are immobilized with gauze packing, which also aided in sparing of rectum and bladder. For rectum delineation a flexible rectal marker tube with outer diameter about 6mm and having radiopaque beads within it is used.
On the orthogonal radiographs, all the dosimetry points were digitized as per ICRU-38 recommendations in the ABCUS planning system for each of the selected patient. Equal-time optimization was carried out for a realistic comparison between the two systems. Applicator details such as type of applicator, length of the tandem, angle of the tandem, deviation of the tandem from midline, cranio-caudal distance between the flange and the tip of the ovoids were recorded. Using the ABACUS system dose to each ICRU point was estimated for a prescription dose of 7 Gy to point A. Also, dimension of the volume covered by prescription isodose, and TRAK were estimated.
Results and Discussion
It is generally considered that for an optimal implant geometry, the tandem should bisect the ovoids, and about 1/3 of the ovoids should be superior to the lowest end of the tandem i.e. the flange. A look at the two types of applicators as shown in Figure 2 indicates that in the case of flexible type of applicator, the tandem does not bisect the ovoids. The ovoids seem to be reaching more in the posterior direction as compared to the fixed geometry applicator. Table 1 shows the doses to various reference points for the two types of applicators, TRAK value, and dimensions of the prescription isodose volume (7 Gy). The statistical analysis was carried out using WINKS SDA (version 6.0.9) programme for estimating p-values for t-test and analyses of variance (ANOVA).
It is observed that the average bladder dose is 8.8% higher (4.8 vs 5.2 Gy, p-value 0.659), whereas average rectum dose is 16% higher (5.8 Gy vs 5.0 Gy, p-value 0.254) in the case of flexible type applicator as compared to fixed geometry applicator. The difference though is statistically not significant in both the cases. Further, as seen in the table the thickness of the 7 Gy isodose surface is larger in the flexible geometry being 5 cm as compared to 4.5 cm for fixed geometry applicator, and the difference is statistically significant (p-value < 0.001). The thickness value for the fixed applicator is similar to the one quoted by Bansal et al., i.e. 4.45 cm [15] . The thickness difference in the two types of geometries could translate into higher rectum/bladder dose but was not found to be so for all the cases. The doses to these OARs (rectum and bladder) depend on a few other factors such as vaginal packing and lateral shift in the rectum marker and lateral/superior-interior positioning of the Foley's balloon with respect to the ovoids and tandem for each patient. As mentioned earlier, the implant geometries as shown in Figure 2 (a) and Figure 2(b) indicate toward higher dose in rectum for the flexible implant; the rectum point being closer to the ovoid sources. It is, therefore, felt that though the data shows the trend towards higher rectum dose, as was also expected from the implant geometry, yet due to smallness of the sample size and other anatomical factors the trend is statistically not significant. Maybe a larger patient data set is required to validate the findings.
As regards doses to other ICRU points, it is observed that the difference, if any, among the two types of applicators is small. That means dose distributions at comparatively larger distances from the applicator probes are almost similar for the two types of applicator geometries. This is further confirmed by the comparison of the dimensions of the 7 Gy volumes shown in Table 1 . The height and width of the 7 Gy volume is not different between the two categories of implants. The TRAK values are also similar in both the cases as shown in Table 1 . These values (4.91 and 4.93 mGy) are close to the value (5.1 mGy) reported by Bansal et al. (2014) [15] . The tilt angle of the intrauterine tandem towards left or right side with respect to the patient midline was also noted to its effect on dose distribution. The maximum tilt noted was about 8 degree. Even with this tilt value we did not find differences in doses on left or right side ICRU points. Maybe other factors such as spacing of ovoids, distance between the flange and the ovoid mid position were also influencing the point doses on the ICRU trapezoid.
Conclusion
This study was initiated to estimate the dosimetric consequences of differences in the geometries of the two types of ICRT applicators in terms of relative positions of the tandem and the colpostats supplied by M/s Varian. The impact of these differences especially on rectum dose, which appeared closer to the applicators in the flexible-type geometry, would mean increased dose to the rectum. With the available radiographic method used in this study, we found that both the rectum and the bladder ICRU-38 point doses were higher in case of flexible implant, and there was no difference for the other ICRU-38 parameters. The data set will need to be expanded to statistically validate the results. Also, estimation of differences in terms of coverage of clinical target volume, and volumetric OAR doses that is clinically more meaningful will require image based 3D treatment planning. Brachytherapy including ICRT as part of radiotherapy will continue to play a significant role in managing cancer cervix. Future technological innovations in this area will focus on further improving the accuracy of dose delivery to the tumour and sparing of the normal organs.
